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INTRODUCTION e :

» The impact of leakage from CO, storage reservoirs on
groundwater quality is one of the concerns.

» Dissolution of CO, in groundwater results in a decrease In
pH.

» Such acidic condition can affect the dissolution and
sorption mechanisms of many minerals such as galena
(PbS).

» If calcite Is present in the rock, it can buffer the pH and
reduce galena dissolution.

» Insight into which minerals and compounds are most
Important for groundwater quality can be obtained from
reactive geochemical transport simulations.
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PROBLEM SETUP (1) /a\| ‘...

BERKELEY LaAaB

CO, Injection Well

Drinking Water Aquifer

v

+—Dissolved CO, with SO,, H,S, NO, + Brine

CO, Phase with SO,, H,S, NO
1
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PROBLEM SETUP (Flow) cecceed) ‘.’.‘;

» Before conducting site-specific investigations, it is
necessary to explore features in a generic manner.

» A 1-D system of 100 m length was used for studying water
quality evolution.

CO, source Gulf coast \
Dissolve in water Erio sandstone >
V =10 ml/yr _ j
0.1 m/yr < 100 m >
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PROBLEM SETUP (Water Chemistry)  ccccen ‘.’.‘;

BERKELEY LaB

» A separate CO, phase could exist in the CO, source zone.

» For purpose of water quality studies, we assumed acid gas
dissolution into 1 M NacCl brine with

= CO,, a partial pressure of 100 bar
= H,S, 1 bar
= SO,, 104 bar
» The resulting source water has
= apH of about 3

= a dissolved inorganic carbon concentration of 1.54
mol/kg

= a dissolved sulfur of 0.15 mol/kg

» An injected CO, stream may contain other constituents
such as NO, and mercury that were not considered.
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PROBLEM SETUP (Mineralogy) cecceed) ‘.’.‘;

» We started from a Gulf

Coast Frio sandstone iner otsalid | g
(right).

» Calcite and anhydrite are E,'ttt 273258 i1
assumed to react at TS .M .
equ Hibrium. Eafiﬁse@?ﬁe géé? 2581.6

» Other mineral reactions Eh'mﬂty TR
proceed under Kinetic Anhydrie _
conditions. Dolomite o8

> A general kinetic rate law /Edvkvttt §§
accounting for multiple Cassmectit I5L6
mechanisms was used. Pyrite 129
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PROBLEM SETUP (Simulations) cecceed) :

» List of simulations

Sy

Simulation Pore velocity, m/y) | Mineralogy

1 10 Frio sandstone with a volume of
calcite 2%:; Basis case

2 10 No calcite

3 10 Double calcite

4 0.1 Same as simulation 1

5 10 Pb, Zn bearing minerals, galena
and sphalerite

» Changes of abundances of calcites, galena and sphalerite are adjusted
with abundance of quartz.
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SIMULATOR: TOUGHREACT cecceed) :

Processes:

» Multiphase fluid and heat flow:
TOUGH2 V2 (Pruess, et al.,
1999)

» Transport: advection and
diffusion in both liquid and gas
phases

» Chemical reactions:
=  Agueous complexation
= Acid-base
= Redox

= Mineral dissol./precip.
(equilibrium and/or kinetics)

= (Gas dissol./exsol.

= Cation exchange

= Surface complexation
= Linear Kd adsorption
= Decay

Sy

Features:

>

>
>

>

Changes in porosity and
permeability, and unsaturated
zone properties due to mineral
dissolution and precipitation

Gas phase and gaseous species
are active in flow, transport, and
reaction

Pitzer and Debye-Huckel activity
coefficient models

Aumber of chemical species

CO, solubility dependence on P,
T and salinity

Two types of thermodynamic
database including EQ3/6
(Wolery, 2004)

Wide range of conditions

Publicly available (DOE Software
Center)

http:/esd.lbl.gov/i TOUGHREACT/
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Frrreeer ‘m

LBNL-55460

TOUGHREACT User’s Guide: A Simulation Program for
Non-isothermal Multiphase Reactive Geochemical Transport
in Variably Saturated Geologic Media

Tianfu Xu, Eric Sonnenthal, Nicolas Spycher and Karsten Pruess

August 2004
8. SAMPLE PROBLEMS.........o ot eee e 48
8.1 Aqueous transport with adsorption (Linear Kd) and decay (EQS9).......... 48
8.2 Water quality in the Aquia aquifer, Maryland (EOS9)..........ccccccevveeene.n, 54
8.3 Infiltration and calcite deposition at Yucca Mountain, Nevada. (EQS3)...61
8.4 Heater test problem (EOS4 0or EOS3).......ovviiiiiiiiie it 73
8.5C0O2 disposal in deep saline aquifers (ECO2)......cccccccvvveeevviveeeneeee e, 88
8.6 Supergene copper enrichment (EOS9)........ccccceeeviiiiieeeie e, 100
8.7 Caprock alteration (EOS2).........cccoveviiiiie e eee s 111

8.8 Injection well scaling and acidizing at Tiwi field, Philippines.(EO0S1)..119
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Related CO, Geosequestration Papers /\f| ‘.’.‘;
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Training Courses cecceed) m

BERKELEY LaB

» A short course on TOUGHREACT for 3 days on
January 17 - 19, 2006 was offered at LBNL
(http://lesd.lbl.gov/ TOUGHREACT/training06/index.
html)

» Next Course will be likely in the second week of
the coming October

» Email to Tianfu Xu at Tianfu Xu@Ibl.gov to
express your interests
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RESULTS (1) ey
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RESULTS (2) e w

10 -
8
I 6 -
o
\ Calcite buffer
4 - LOther minerals
2 T | T | | | ! |
0 100 200 300 400

Time (yr)

I | AWRENCE BERKELEY NATIONAL L ABORATORY I



RESULTS (3) ey

4.0E-2 - . 2.00E-1 -
a
| — ' 1 Total S
— | =~ 1.75E-1 A 300
2 30E2 A l g , - ]
© 100 yr 200 ,' © 1 [ / / l
\E/ T | S |
= | = 150E-1 - 200!
£ 20E2 A ) | S 1 |
_l
= 1 - g 100 yi |
= ] , = 1.25E-1 A
) | ) '
Q l O i |
S  L0E2 A | 300 S '
| i O  1.00E-1 A L o
| |
0.0E+0 — T 7.50E-2 — T T T T T T T
0 200 40 60 80 100 0 20 40 60 80 100

Distance (m) Distance (m)

I | AWRENCE BERKELEY NATIONAL L ABORATORY I



Zn concentration (mol/kg)

RESULTS (4) ey
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RESULTS (5) ey
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RESULTS (6)
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CONCLUSIONS cecceed) :

» Mineralogical data along the CO, leakage pathway and in
overlying aquifers are important data for water quality

evolution, therefore should be an important part of CO, site
characterization.

> |f carbonate minerals such as calcite are present along the
leakage pathway, they can buffer the pH to about 5. Other
minerals can also buffer the pH but to lesser degree.

» Acidic conditions affect significantly the dissolution and
sorption mechanisms of many minerals. For example, if
galena i1s present in the low pH regions its dissolution

causes Pb concentration increase much higher than the
action level.
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